Introduction of a polyfluoroalkyl group into aromatic compounds was achieved by Friedel-Crafts reaction using (1-chloro-1-hydroperfluoroalkyl) sulfides 1, and the subsequent desulfurizing-difluorination of the resulting product using IF 5 / Et 3 N-nHF.
Introduction
Introduction of a polyfluoroalkyl group into an aromatic compound has been well studied [1] because the resulting compounds exhibit remarkably different physical, chemical, and biological properties [2] . Among the many methods available for the polyfluoroalkylation of aromatic compounds, the electrophilic method has an advantage over other methods: in a nucleophilic method, an aromatic halide is required as a substrate, and in a free radical method, regioselecitivity is low. On the other hand, in an electrophilic polyfluoroalkylation, the polyfluoroalkyl group can be introduced by substitution with a hydrogen atom under mild conditions [3] . However, the electrophilic polyfluoroalkylation method requires a special reagent, which is unstable and difficult to prepare [2a, 4] . Therefore, a more convenient method for the introduction of a polyfluoroalkyl group into an aromatic compound has been desired. Previously, Uneyama et al. reported that a 1-(phenylsulfanyl)-2,2,2-trifluoroethyl group can be introduced to aromatic compounds by Friedel-Crafts reaction using (1-chloro-2,2,2-trifluoroethyl) phenyl sulfide (1b, R = Ph, Rf = CF 3 ) [5] . Various
(1-chloro-1-hydroperfluoroalkyl) sulfides 1 can be prepared from commercially available 1,1-dihydroperfluoroalkanols [6] , and they can be used for the reaction with aromatic compound to synthesize (1-aryl-1-hydroperfluoroalkyl) sulfides 2. Recently, we reported a desulfurizing-difluorination reaction of benzyl sulfides having an electron-withdrawing group using IF 5 , where two fluorine atoms were introduced to the benzyl position by substitution with a hydrogen atom and an alkylsulfanyl group [7] . As the perfluoroalkyl group in 2 is a strong electron-withdrawing group, the desulfurizing-difluorination reaction can be applied to 2, and the polyfluoroalkyl group substituted aromatic compound 3 must be prepared from 2 (Scheme 1) [8] .
Result and discussion
1-Chloro-2,2,2-trifluoroethyl hexyl sulfide 1a, 1-chloro-2,2,2-trifluoroethyl phenyl sulfide 1b, 1-chloro-2,2,3,3-tetrafluoropropyl hexyl sulfide 1c, and 1-chloro-2,2,3,3,4,4,5,5-octafluoropentyl hexyl sulfide 1d were prepared from the corresponding polyfluoroalcohols [6] , and used for the Friedel-Crafts reaction with naphthalene in the presence of a Lewis acid (TiCl 4 or SnCl 4 ). The alkylation occurred selectively at 1-position and 1-(1-hexylsulfanyl-2,2,2-trifluoroethyl)naphthalene 2a, 1-(1-hexylsulfanyl-2,2,3,3,4,4,5,5-octafluoropentyl) naphthalene 2h were obtained in good yield as shown in Table 1 [9] . Similarly, in the reaction of 1a with p-xylene, p-dimethoxybenzene, octahydroanthracene, and benzothiophene, the corresponding 1-(hexylsulfanyl)-2,2,2-trifluoroethylated products 2c-f were obtained in good yields (Table 1) . Next, the desulfurizing-difluorination of 1-(1-hexylsulfanyl-2,2,2-trifluoroethyl)naphthalene 2a and 1-(1-phenylsulfanyl-2,2,2-trifluoroethyl)naphthalene 2b was investigated for the synthesis of 1-(perfluoroethyl)naphthalene 3a. When 2a was subjected to the reaction with IF 5 , the expected 3a was obtained in 77% yield. However, 1-(1,2,2,2-tetrafluoroethyl)naphthalene 4a was also formed in 14% yield (Entry 1 in Table 2 ). When IF 5 / Et 3 N-3HF was used instead of IF 5 to prevent the formation of 4a [10] , the yield of 4a was reduced to 8% (Entry 2). Finally, 3a was selectively obtained Consequently, the perfluoroethyl or the 1,2,2,2-tetrafluoroethyl group can be selectively introduced to 1-position of naphthalene using 1a or 1b. The difference in the reactivities of 2a and 2b can be explained from leaving ability of the alkylsulfanyl group (Scheme 2): In path 1, substitution of hydrogen with a fluoride (fluoro-Pummerer reaction) initially took place to afford tetrafluoro-sulfide 5. In the next step, 5 was converted to 3a by the substitution of the alkylsulfanyl group with a fluoride (desulfurizing-fluorination reaction). In path 2, the desulfurizing-fluorination reaction initially took place to afford 4a. The reaction of 2a mainly proceeded though path 1 and 3a was formed as a main product. When a less reactive IF 5 / Et 3 N-nHF was used as a fluorination reagent, the reaction predominantly proceeded through path 1 and 3a was formed selectively (Entries 1-3 in Table 2 ). On the other hand, in the reaction of 2b, because of the higher leaving ability of the phenylsulfanyl group, the reaction proceeded through path 2 to afford 4a selectively (Entries 5 and 6).
From various (1-aryl-2,2,2-trifluoroethyl) hexyl sulfides 2a and 2c-f, the corresponding perfluoroethylated aromatic compounds 3a and 3c-f were obtained with good selectivity (100-90%) by desulfurizing-difluorination reaction using IF 5 / Et 3 N-nHF, as shown in Table 3 . Similarly, 1-(1,1,2,2,3,3-hexafluoropropyl) and 1-(1,1,2,2,3,3,4,4,5,5-decafluoropentyl) naphthalene 3g-h were selectively formed by the reaction of the corresponding sulfides 2g-h with IF 5 / Et 3 N-HF. Fluorine-containing pyrimidine derivatives including uracils and nucleosides are potent antitumor and antiviral agents [11] , and much effort has gone into the synthesis of 5-(trifluoromethyl)uracil derivatives [12] . However, there are few reports on the synthesis of their perfluoroethyl derivatives. Therefore, we used our method for the synthesis of a 5-(perfluoroethyl)uracil derivative. The Friedel-Crafts reaction of 1a with uracil or N-protected uracil was unsuccessful, and the expected 5-(2,2,2-trifluoro-1-(hexylsulfanyl)ethyl)uracil 7 was not obtained. Therefore, 7 was prepared by the reaction of uracil with trifluoroacetaldehyde ethyl hemiacetal [13] , and the subsequent reaction of the resulting product with hexanethiol (Scheme 3) [14] . The nitrogen atom at 1-position in 7 was protected with a tosyl group to afford 1-tosyl-5-{2,2,2-trifluoro-1-(hexylsulfanyl)ethyl}uracil 2i. In the reaction of 2i with IF 5 , the expected 5-(perfluoroethyl)uracil 3i was obtained in 54% yield with 3% of 
Conclusion
Perfluoroethyl, hexafluoropropyl, and decafluoropentyl groups can be introduced to various aromatic compounds by Friedel-Crafts reaction with
(1-chloro-1-hydroperfluoro)alkyl sulfides 1, and the subsequent desulfurizing-difluorination of the resulting product with IF 5 / Et 3 N-nHF. As the starting sulfides 1 can be prepared from commercially available polyfluoro-alcohols, our method is useful for introducing various polyfluoro-alkyl groups into aromatic compounds. In order to demonstrate the usefulness of our method, 5-(perfluoroethyl)uracil was synthesized.
Experimental

General
The melting points were measured with a Yanagimoto micro melting-point apparatus.
The IR spectra were recorded using a JASCO FT/IR-410. 
Friedel-Crafts reaction of aromatic compounds with 1
1-{2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl}naphthalene (2a)
To a CH 2 Cl 2 solution (20 mL) of naphthalene (1.28 g, 10 mmol) and 1a (1.18 g, 5 mmol) was added TiCl 4 (1.44 g, 7.5 mmol) under N 2 atmosphere at 0 C. The mixture was stirred at room temperature for 10 h and then 3 M aqueous HCl (10 mL) was added.
After stirring for 30 min, the mixture was extracted with CH 2 Cl 2 (30 mL X 3 
1-{2,2,2-Trifluoro-1-(phenlsulfanyl)ethyl}naphthalene (2b)
Oil 
2-{2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl}-1,4-dimethylbenzene (2c)
Oil: IR (neat) 2928, 1255, 1147, 1111 cm 
2-{2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl}-1,4-dimethoxybenzene (2d)
Oil: IR (neat) 2931, 1503, 1236 cm 7, 56.3, 111.9, 114.8, 114.9, 123.4, 126.3 2, 2, 3, 4, 5, 6, 7, 
3-(2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl)benzo[b]thiophene (2f)
Oil. IR (neat) 2928, 1253, 1150, 1108 cm 2, 3, propyl}naphthalene ( 2, 3, 3, 4, 4, 5, 2, 2, 2, 3, 4, 5, 6, 7, 
5-(2,2,2-Trifluoro-1-hydroxyethyl)uracil (6)
5-(2,2,2-Trifluoro-1-hydroxyethyl)uracil 6 was prepared by the modification of the reported procedure [13] . A mixture of uracil (3.37 g, 30 mmol) and trifluoroacetaldehyde ethyl hemiacetal (containing 10% EtOH) in DMF (18 mL) was stirred at 120 C for 15 h. After cooling to room temperature, the mixture was poured into saturated aqueous NH 4 Cl (30 mL) and extracted with AcOEt (20 mL X 3). The combined organic phase was dried over MgSO 4 and concentrated under reduced pressure. The remained solid was washed with acetone to give 6 (5.23 g, 83%) which was used for the next step without further purification.
5-(2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl)uracil (7)
A mixture of crude 6 (5.23 g, 25 mmol) and hexanethiol (10 mL) in DMF (8 mL) was stirred under reflux for 48 h. After cooling to room temperature, volatile part was removed under reduced pressure. Purification by column chromatography (silica gel/hexane:acetone = 3:1) gave 7 (3.22 g) in 54% yield.
5-(2,2,2-Trifluoro-1-(hexylsulfanyl)ethyl)-1-tosyluracil (2i)
To a CH 3 CN solution (5 mL) of 7 (467 mg, 1.5 mmol) was added N, O-bis(trimethylsilyl) 
5-(Perfluoroethyl)-1-tosyluracil (3i)
To IF 5 / Et 3 N-3HF (250 mg, 0.65 mmol) in Teflon PFA bottle was added a CH 2 Cl 2 solution (3 mL) of 2i (198.5 mg, 0.43 mmol) at 0 C and the mixture was stirred at room temperature for 24 h (complete consumption of 3 was confirmed from NMR analysis).
To the reaction mixture, IF 5 / 5CH 2 Cl 2 (280 mg, 0.43 mmol) was added and the mixture was stirred at room temperature for another 24 h. Then, the mixture was poured into saturated aqueous NaHCO 3 (20 mL) and extracted with ether (30 mL X 3). The combined organic layer was washed with saturated aqueous Na 2 S 2 O 3 (20 mL), dried 
